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1
MEASUREMENT APPLICATION DEVICE
CALIBRATION UNIT, MEASUREMENT
SYSTEM, METHOD

TECHNICAL FIELD

The disclosure relates to a measurement application
device calibration unit, a measurement system, and a respec-
tive method.

BACKGROUND

Although applicable to any measurement system, the
present disclosure will mainly be described in conjunction
with calibration of vector signal generators and vector signal
analyzers.

When performing measurements in electronic applica-
tions with e.g., measurement instruments, such as vector
signal generators, vector signal analyzers, and oscilloscopes,
users have specific requirements concerning the measure-
ment uncertainty, especially the frequency response. Usu-
ally, the desired frequency response should deviate from an
optimal frequency response as little as possible i.e., the
graph showing the frequency response should exactly show
the DUT’s frequency response, without any influence of the
measurement setup.

There exist calibration techniques for calibrating mea-
surement equipment. However, the existing calibration tech-
niques are usually complex to perform and provide a limited
calibration quality.

Accordingly, there is a need for providing simplified
calibration of measurement equipment.

SUMMARY

The above stated problem is solved by the features of the
independent claims. It is understood, that independent
claims of a claim category may be formed in analogy to the
dependent claims of another claim category.

Accordingly, it is provided:

A measurement application device calibration unit, com-
prising at least one coupling element comprising a first
connection and a second connection for coupling the cou-
pling element into a signal measurement path that is coupled
to a measurement application device, and a third connection,
wherein the coupling element is configured to at least one of
couple out a signal from the signal measurement path into
the third connection, and couple in a signal from the third
connection into the signal measurement path, and a signal
processing device that is coupled to the third connection of
the coupling element and that is configured to receive the
predetermined calibration signal when the coupling element
couples out a signal from the signal measurement path into
the third connection, and to generate a predetermined cali-
bration signal when the coupling element couples in a signal
from the third connection into the signal measurement path.

Further, it is provided

A measurement system, comprising a measurement appli-
cation device, a measurement signal path from the measure-
ment application device to a reference plane, and a mea-
surement application device calibration unit configured to at
least one of couple out a predetermined calibration signal
from the signal measurement path and measure the prede-
termined calibration signal, and generate a predetermined
calibration signal, and couple in the predetermined calibra-
tion signal into the signal measurement path, wherein the
measurement application device is configured to calibrate

10

30

35

40

45

55

2

the signal measurement path based on the calibration signal
measured by the measurement application device calibration
unit, or the calibration signal as coupled into the signal
measurement path and measured by the measurement appli-
cation device.

Further, it is provided:

A method, comprising coupling out a predetermined
calibration signal from a signal measurement path or gen-
erating a predetermined calibration signal, measuring the
coupled-out calibration signal when the calibration signal is
coupled out, coupling in the predetermined calibration sig-
nal into the signal measurement path when the calibration
signal is generated, and calibrating the signal measurement
path at least one of based on the measured calibration signal
when the calibration signal is coupled out, and based on the
calibration signal as coupled into the signal measurement
path and as acquired by a measurement application device
that is coupled to the signal measurement path when the
calibration signal is generated.

A measurement in a measurement system may be per-
formed for example, with a vector signal generator and a
vector signal analyzer, which may be provided both in the
same measurement application device or each as a dedicated
measurement application device. It is understood, that in the
context of the present disclosure, the term “measurement
application device” may refer to any type of signal gener-
ating device and signal acquiring device in a measurement
application. As mentioned above, a measurement applica-
tion device may also comprise both, a signal generating
device and a signal acquiring device. Possible measurement
application devices may comprise, but are not limited to, a
vector signal analyzer VSA, a vector network analyzer,
VNA, a vector signal generator, VSG, and an oscilloscope.

Prior to performing a measurement with a measurement
setup, the user will usually perform a calibration of the
measurement setup.

The calibration serves to minimize the influences of the
measurement application devices and other components of
the measurement setup, like cables and connectors. A cali-
bration usually tries to optimize the frequency response of
the measurement instruments with regard to a reference
plane. The reference plane may usually be understood as the
last element before the DUT of the respective signal path
i.e., the signal path on the input side of the DUT and the
signal path on the DUT output side.

On the input side of the device under test, DUT, the
frequency response refers to the deviation of the desired
input signal for the DUT and the signal that is actually fed
into the DUT. The frequency response provided by the test
setup on the input side of the DUT may be seen as the
“unwanted” frequency response. The DUT itself also has a
frequency response on the input side, which is the frequency
response that is to be measured, ideally with no influence
from the other components. On the output side of the DUT,
the frequency response refers to the deviation between the
measured signal that is measured by the respective measure-
ment receiver and the output signal that actually leaves the
DUT. As above, the frequency response provided by the test
setup on the output side of the DUT may be seen as the
“unwanted” frequency response. The DUT itself also has a
frequency response on the output side, which is the fre-
quency response that is to be measured, ideally with no
influence from the other components.

There are two components to the above-explained fre-
quency response. First, an inherent frequency response
caused by imperfections from a digital waveform represen-
tation of the measurement signal to the RF output, or from
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an RF input at the measurement receiver to a digital repre-
sentation of the received signal. Second, a mismatch
between the DUT and the measurement application device.

Ideally both components are known and corrected.

The present disclosure provides a measurement applica-
tion device calibration unit and a respective measurement
application device that may both be used in a measurement
system according to the present disclosure. The measure-
ment application device calibration unit in conjunction with
a respective measurement application device allows identi-
fying the inherent frequency response and the mismatch in
a single calibration process.

To this end, the measurement application device calibra-
tion unit comprises a coupling element and a signal pro-
cessing device.

The coupling element may comprise a coupler or splitter
and may comprise directional properties i.c., like in a
directional coupler or in a directional splitter.

The coupling element may be coupled into a signal path
between a measurement application device and the DUT or
the reference plane via the first and second connections. A
third connection of the coupling element serves to couple in
a signal into the signal path or couple out a signal from the
signal path. The signal path between the measurement
application device and the DUT or the reference plane may
also be called the signal measurement path. Such a signal
measurement path may comprise internal elements of the
measurement application device, cables, connectors, and the
like.

It is understood, that when calibrating the measurement
setup, the DUT will usually not be coupled to the signal
measurement path. Instead, respective calibration standards
may be coupled to the signal measurement path at the
reference plane, as will be explained in more detail below.

The signal processing device of the measurement appli-
cation device calibration unit may comprise a signal receiver
that acquires a predetermined calibration signal that is
provided to the signal processing device via the third con-
nection of the coupling element.

The signal processing device, when comprising a signal
receiver, may be used to calibrate the source side of the
measurement setup i.e., a measurement signal generator as
measurement application device, and a signal path from the
measurement signal generator to the reference plane or
DUT.

In this mode of operation, the signal processing device
acquires the calibration signal after it is generated by the
measurement signal generator and reflected at the reference
plane, when performing a possible calibration of the mea-
surement setup.

In addition, or as alternative, the signal processing device
may comprise a signal generator that generates a predeter-
mined calibration signal and provides the generated calibra-
tion signal to the third connection of the coupling device.
Such a calibration signal will then be coupled into the signal
measurement path.

The signal processing device, when comprising a signal
generator, may be used to calibrate the measurement side of
the measurement setup i.e., a measurement device or signal
sink as measurement application device, and the signal path
between the reference plane or DUT and the measurement
device.

In this mode of operation, the measurement device
acquires the calibration signal after it is generated by the
signal processing device and reflected at the reference plane,
when performing a calibration of a measurement setup.
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In the measurement system in both cases the calibration
signal may be evaluated after it is received either in the
signal processing device or in the measurement application
device in order to determine calibration parameters for the
measurement system i.e., the measurement application
device and the respective signal path.

Calibrating or determining calibration parameters in this
regard may refer to determining parameters for correcting a
mismatch between a first impedance at the reference plane
and a second impedance at the reference plane.

The determined calibration parameters may then be
applied during the signal generation by the measurement
application device if the measurement application device is
a signal source for the test signal in a test setup, or may be
applied to the measured signal if the measurement applica-
tion device is a signal sink or measurement device in a test
setup. As indicated above, a single measurement application
device may also generate the test signal and acquire an
output signal from a DUT.

With the features of the measurement application device
calibration unit and the measurement system it is possible to
perform a calibration of the respective signal measurement
paths with only one signal processing device that either
generates a calibration signal or receives a calibration signal.
No additional receivers or transmitters are required.

Further embodiments of the present disclosure are subject
of' the further dependent claims and of the following descrip-
tion, referring to the drawings.

In an embodiment of the measurement application device
calibration unit, the signal processing device may comprise
a reference receiver when the coupling element couples out
a signal from the signal measurement path into the third
connection.

In a further embodiment of the measurement application
device calibration unit, the signal processing device may
comprise a reference signal generator when the coupling
element couples in a signal from the third connection into
the signal measurement path.

In another embodiment, the measurement application
device calibration unit may comprise two signal processing
devices, one with a reference receiver and one with a
reference signal generator, or a single signal processing
device with a reference receiver and a reference signal
generator. In such an embodiment, two coupling elements
may also be provided. The measurement application device
calibration unit may, therefore, be used on the DUT input
side and the DUT output side.

As explained above, the measurement application device
calibration unit may be used on both sides of a DUT i.e., on
the input side of a DUT and on the output side of a DUT.

When used in the input side of the DUT, a measurement
signal source is present in the form of a respective measure-
ment application device, like a vector signal generator. The
calibration signal may be generated by the measurement
signal source and will then be reflected at the reference
plane.

In such embodiments, the signal processing device may
comprise a reference receiver that receives the reflected
calibration signal via the coupling element. The term “ref-
erence receiver” refers to the fact that the electrical param-
eters of the reference receiver, like the frequency response of
the reference receiver, are well known and that the reference
receiver is only used for calibration. This allows taking the
characteristics of the reference receiver into account when
determining the impedance mismatch such that the reference
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receiver will only introduce minimal inaccuracies. How
such inaccuracies may further be reduced, will be explained
in more detail below.

When used on the output side of the DUT a measurement
device will usually be provided in the form of a respective
measurement application device, like a vector network ana-
lyzer or an oscilloscope. In such applications, the calibration
signal may not be generated by the measurement application
device.

Consequently, the signal processing device may comprise
a reference signal generator that inputs the calibration signal
into the signal measurement path via the coupling element.
The calibration signal will then be reflected at the reference
plane and may be measured by the measurement application
device.

The term “reference signal generator” refers to the fact
that the electrical parameters of the reference signal genera-
tor, like the frequency response of the reference signal
generator, are well known and that the reference signal
generator is only used for calibration. This allows taking the
characteristics of the reference receiver into account when
determining the impedance mismatch such that the reference
signal generator will only introduce minimal inaccuracies.
How such inaccuracies may further be reduced, will be
explained in more detail below.

In embodiments, the measurement application device
calibration unit may comprise two sections, a first section for
calibrating the input side to a DUT in a measurement setup,
and a second section for calibrating the output side of the
DUT in a measurement setup. In such embodiments, each
section may comprise a dedicated coupling element, and a
dedicated signal processing element.

In yet another embodiment of the measurement system
the measurement application device calibration unit may
comprise a coupling element comprising a first connection
and a second connection for coupling the coupling element
into the signal measurement path, and a third connection.
The coupling element may be configured to at least one of
couple out a signal from the signal measurement path into
the third connection, and couple in a signal from the third
connection into the signal measurement path. In such an
embodiment, the signal processing device may be coupled to
the third connection of the coupling element and may be
configured to receive the calibration signal when the cou-
pling element couples out a signal from the signal measure-
ment path into the third connection, and to generate a
calibration signal when the coupling element couples in a
signal from the third connection into the signal measurement
path.

It is understood, that the measurement system may com-
prise a measurement application device calibration unit
according to any of the embodiments of the measurement
application device calibration unit described herein.

In another embodiment, the measurement application
device may comprise a measurement signal generator that
may be coupled to the signal measurement path when the
measurement application device calibration unit couples out
the predetermined calibration signal from the signal mea-
surement path.

In yet another embodiment, the measurement application
device may comprise a measurement signal receiver that
may be coupled to the signal measurement path when the
measurement application device calibration unit couples in
the predetermined calibration signal into the signal measure-
ment path.
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In another embodiment, the measurement application
device may comprise a measurement signal generator and a
measurement signal receiver.

Above the two modes of operation for the measurement
system are described, one mode where the calibration is
performed on the input side of the DUT, and one mode
where the calibration is performed on the output side of the
DUT.

When calibrating the input side of the DUT, a signal
generator is present in the measurement application device.
Of course, that signal generator may be used to generate the
calibration signal, which may then be acquired by the signal
processing device of the measurement application device
calibration unit after being reflected at the reference plane.

When calibrating the measurement setup on the output
side of the DUT with respect to the reference plane, no
signal generator is present in the measurement application
device but a measurement signal receiver is present. Of
course, that measurement signal receiver may be used to
acquire the calibration signal that is generated by the signal
processing device of the measurement application device
calibration unit and reflected at the reference plane.

In a further embodiment, when calibrating, the measure-
ment application device may be configured to determine a
mismatch between a first impedance and a second imped-
ance. In embodiments, the first impedance may comprise an
impedance from the reference plane towards the DUT, and
the second impedance may comprise an impedance from the
reference plane towards the measurement application
device.

The first impedance refers to the impedance that is present
when looking from the reference plane towards the DUT.
The second impedance, in contrast, refers to the impedance
the is present when looking from the reference plane
towards the measurement application device.

When both impedances are the same, no mismatch is
present and there is no need for correcting any mismatch.
However, if the first impedance and the second impedance
are different, the data that is measured in the measurement
setup has to be corrected accordingly.

In an embodiment, the measurement system may com-
prise three different calibration standards. The measurement
application device may be configured to determine S-pa-
rameters of an error network of the signal measurement path
while the three different calibration standards are consecu-
tively coupled to the signal measurement path at the refer-
ence plane.

S-parameters, also called scattering parameters, are a
well-known method of characterizing the electrical behavior
of a linear electric network.

As will be explained below, three different conditions
need to be provided to calculate the S-parameters for the
signal measurement path. These three different conditions
may be provided by consecutively coupling different cali-
bration standards to the signal measurement path at the
reference plane.

It is understood, that the different calibration standards
may manually be couple to the signal measurement path. As
alternative, an automatic calibration standard may be used
that controllably couples the required calibration standard to
the reference plane.

In a further embodiment, the measurement application
device may be configured to set one of the S-parameters to
1.

One of the S-parameters, usually called S21, for the one
port input side of the DUT may be set to 1, since the
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reflection measurement also comprises the signal traveling
towards the reference plane or DUT.

This results in the error model only comprising three
different error parameters or error terms. These error terms
may refer to directivity, source match, and reflection track-
ing. Consequently, three unknown variables need to be
determined. A 2-port error network describing a correction
of'a 1-port measuring device may be used. The error network
has 2 ports, because it has an input port and an output port,
where the measurement device terminates the chain and,
thus, only has 1 port, because the virtual second port can be
assumed as the digital side.

To this end, three measurements may be performed with
three different calibration standards which provide three
different measurement conditions and allow filling in the
variables in the respective system of equations.

In another embodiment, the three different calibration
standards may comprise an open calibration standard, and a
short calibration standard, and a matched calibration stan-
dard.

The so called OSM calibration standards, also called
Open, Short, and Match calibration standards, are well
known and widely available. Of course, any other three
different types of calibration standards with known electrical
properties may also be used.

In an embodiment, the measurement system may com-
prise an active calibration standard that is couplable to the
reference plane and that is configured to generate a prede-
termined known calibration signal and input the known
calibration signal into the signal path at the reference plane.
The measurement application device may be configured to
determine a transmission parameter for the signal path from
the reference plane to the measurement application device
calibration unit based on the known calibration signal and
stored information about the known calibration signal, and
the measurement application device may be configured to
take into account the transmission parameter when calibrat-
ing the signal measurement path.

In contrast to the standard OSM-calibration mentioned
above where only a product of two S-parameters, usually
S12x821, is determined, with the active calibration stan-
dard, it is possible to determine each one of the S-parameters
of the product independently. In this context, the S-param-
eters refer to the S-parameters of the 2-port error model and
not to the S-parameters of the DUT.

The active calibration standard by providing a known
calibration signal allows calibrating the signal path between
the reference plane in the measurement system and the
measurement unit in the measurement application device
calibration unit for example, the signal processing device of
the measurement application device calibration unit.

With the active calibration standard, the transmission
parameter for the signal path from the reference plane to the
measurement application device calibration unit may be
determined in advance to performing the calibration of the
signal measurement path with the above-mentioned calibra-
tion standards. This will improve the quality of the calibra-
tion of the measurement system since the influence of the
measurement application device calibration unit may be
eliminated from the calibration of the signal measurement
path with this additional calibration step.

The active calibration standard may be any type of signal
generator that may be coupled to the reference plane. The
only requirement regarding the active calibration standard is
that it needs to generate the predetermined known calibra-
tion signal with predetermined characteristics that must be
known on the receiving side.
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The stored information about the calibration signal may
for example comprise information about at least one of the
amplitude and the phase of the known calibration signal.
Such information may be provided once for the full known
calibration signal or separately for different frequency
ranges of the known calibration signal.

As alternative, the stored information may also comprise
a full description of the known calibration signal. Such a full
description may comprise samples of a time line or a
time-domain waveform of the known calibration signal with
a predetermined resolution. Alternatively, such a full
description may comprise samples or description of a wave-
form of the known calibration signal in the frequency
domain.

The active calibration standard may in embodiments
comprise a comb generator. A comb generator is a special
kind of signal generator that produces a signal with multiple
harmonics to a base signal. The output signal of such a comb
generator when shown in the frequency range shows a
pattern that is similar to teeth of a comb, hence the name
comb generator. The advantage of using a comb generator is
that the known calibration signal may be provided over a
large frequency range.

In embodiments, the bandwidth of the active calibration
standard may be chosen to be at least as large as the
bandwidth of the measurement application device.

It is understood, that the measurement unit in the mea-
surement application device calibration unit for example, the
signal processing device with a reference receiver, not
necessarily needs to have the same measurement bandwidth
as the known calibration signal or the measurement appli-
cation device. Instead, in embodiments, the measurement
unit may have a smaller bandwidth. Signal stitching may in
such cases be applied. For example, a band-pass filter may
be applied to the known calibration signal before comparing
the known calibration signal to the signal as measured by the
measurement unit. Such a band-pass filter may comprise the
same bandwidth as the measurement unit.

By comparing the known calibration signal as received by
the measurement unit in the measurement application device
calibration unit with the information about the known signal,
the transmission parameter may easily be determined for
example by the measurement application device. It is under-
stood, that alternatively, the transmission parameter may
also be determined in any other adequate unit that may be
present in the measurement system.

Determining the transmission parameter may for example
be performed by comparing the known calibration signal as
received by the measurement unit in the frequency domain
with the samples or description of a waveform of the known
calibration signal in the frequency-domain.

After determining the transmission parameter for the
signal path from the reference plane to the measurement
application device calibration unit, this transmission param-
eter may be taken into account, when calibrating the mea-
surement system as described above with different calibra-
tion standards.

In another embodiment, the measurement system may
comprise an active calibration standard that is couplable to
the reference plane and that is configured to receive a
predetermined known calibration signal. The measurement
application device may be configured to determine a trans-
mission parameter for the signal path from the reference
plane to the measurement application device calibration unit
based on the known calibration signal as received by the
active calibration standard and stored information about the
active calibration standard, and the measurement application
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device may be configured to take into account the transmis-
sion parameter when calibrating the signal measurement
path.

Opposed to the embodiments where the active calibration
standard is a signal generator, in other embodiments the
active calibration standard may be a signal receiver or signal
sink and may receive the known calibration signal. The
active calibration standard as a signal receiver or signal sink
may especially be used with the signal processing device
that generates the predetermined calibration signal, and a
measurement application device that measures the calibra-
tion signal.

The active calibration standard by receiving a known
calibration signal allows calibrating the signal path between
the reference plane in the measurement system and the
signal generation unit in the measurement application device
calibration unit for example, the signal processing device of
the measurement application device calibration unit with a
reference signal generator.

With the active calibration standard as signal receiver or
signal sink, the transmission parameter for the signal path
from the reference plane to the measurement application
device calibration unit may be determined in advance to
performing the calibration of the signal measurement path
with the above-mentioned calibration standards on the out-
put side of the DUT. This will improve the quality of the
calibration of the measurement system since the influence of
the measurement application device calibration unit may be
eliminated from the calibration of the signal measurement
path with this additional calibration step.

The active calibration standard may be any type of signal
receiver or signal sink that may be coupled to the reference
plane. The only requirement regarding the active calibration
standard is that the electrical characteristics of the signal
receiver or signal sink must be known.

The stored information about the active calibration stan-
dard may for example comprise information about at least
one of an amplitude error and a phase error of the active
calibration standard. The information may for example be
provided in the form of a frequency response of the active
calibration standard or transmission parameters of the active
calibration standard.

In embodiments, the bandwidth of the active calibration
standard may be chosen to be at least as large as the
bandwidth of the measurement application device.

It is understood, that the measurement unit in the signal
processing device not necessarily needs to have the same
measurement bandwidth as the known calibration signal or
the measurement application device. Instead, in embodi-
ments, the measurement unit may have a smaller bandwidth.
Signal stitching may be applied. For example, a band-pass
filter may be applied to the known calibration signal before
comparing the known calibration signal to the signal as
measured by the active calibration standard. Such a band-
pass filter may comprise the same bandwidth as the mea-
surement unit of the active calibration standard.

By comparing the known calibration signal as received by
the measurement unit in the active calibration standard with
the information about the known signal, the transmission
parameter may easily be determined for example by the
measurement application device. It is understood, that alter-
natively, the transmission parameter may also be determined
in any other adequate unit that may be present in the
measurement system.

Determining the transmission parameter may for example
be performed by comparing the known calibration signal as
received by the measurement unit in the frequency domain
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with the samples or description of a waveform of the known
calibration signal in the frequency-domain and taking into
account the stored information.

After determining the transmission parameter for the
signal path from the reference plane to the measurement
application device calibration unit, this transmission param-
eter may be taken into account, when calibrating the mea-
surement system as described above with different calibra-
tion standards.

In a further embodiment, the measurement system may
comprise a first measurement application device calibration
unit configured to couple out a predetermined calibration
signal from a first signal measurement path and measure the
predetermined calibration signal, a first measurement appli-
cation device configured to calibrate the first signal mea-
surement path based on the calibration signal measured by
the measurement application device calibration unit. In
addition, the measurement system may comprise a second
measurement application device calibration unit configured
to generate a predetermined second calibration signal and
couple in the generated second calibration signal into a
second signal measurement path, and a second measurement
application device configured to calibrate the second signal
measurement path based on the second calibration signal as
coupled into the signal measurement path and measured by
the measurement application device, The first signal path
may be a DUT input-side signal path, and the second signal
path may be a DUT output-side signal path.

With this arrangement, the measurement system is pro-
vided with two sections, one on the input side of the DUT
and one on the output side of the DUT. This configuration,
therefore, allows fully calibrating a measurement system to
perform measurements on a DUT.

It is understood, that the DUT input-side signal path refers
to a signal path between the measurement application device
that during normal operation generates a test signal that is
transmitted to the DUT and the DUT. In contrast, the DUT
output-side signal path refers to a signal path between the
DUT and the measurement application device that during
normal operation receives the signal as provided by the
DUT.

It is understood, that the measurement application device
and the measurement application device calibration unit may
comprise any required or adequate component for perform-
ing any of the functions described in this disclosure.

When implemented as a signal source or signal generator,
the measurement application device may for example com-
prise respective signal generation elements, like oscillators,
amplifiers, attenuators, filters, and digital-to-analog convert-
ers. The measurement application device may for example
comprise a signal generation section that comprises a digital
processing element coupled to a digital-to-analog converter
that may be coupled to a respective analog signal modifi-
cation section. Such an analog signal modification section
may for example comprise at least one of amplifiers, attenu-
ators, filters, and connectors.

The same applies to the measurement application device
being implemented as a signal sink or signal measurement
device. Such a measurement application device may for
example comprise respective signal acquisition elements,
like analog-to-digital converters, amplifiers, attenuators, and
filters. The measurement application device may for
example comprise a signal acquisition section that com-
prises an analog acquisition section that is coupled to an
analog-to-digital converter and a digital processing element.
The analog acquisition section may for example comprise at
least one of connectors, amplifiers, attenuators, and filters.
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It is understood, that the measurement application device
may comprise further elements, like a user interface with a
display and user input means e.g., buttons, (rotary-) knobs,
a touchscreen, a mouse, or a keyboard, and other elements,
like communication interfaces. The measurement applica-
tion device may for example be provided as a vector network
analyzer, a vector signal generator, or an oscilloscope.

The functions described in this disclosure that at least in
part require determining values based on other values or
performing calculations may be implemented at least in part
in the above-mentioned digital processing element. These
functions may comprise, but are not limited to, performing
the calibration e.g., calculating calibration parameters, deter-
mining a mismatch between a first impedance and a second
impedance, calculating the impedances based on a measured
signal, and determining S-parameters.

Although, some functions may be described in this dis-
closure as being implemented by a dedicated device, for
example the measurement application device or the mea-
surement application device calibration unit, it is under-
stood, that these functions may also be performed in another
device. Especially, functions that are performed in the digital
domain, like the above-mentioned functions, may be per-
formed by any capable device, while the required digital
data may be exchanged between the respective devices via
digital data interfaces, like a network interface, a Bluetooth
interface, a USB interface, a bus interface, or any other
digital interface that serves for communicatively coupling
digital devices.

A digital processing element according to the present
disclosure may be provided as a dedicated processing ele-
ment, like a processing unit, a microcontroller, a field
programmable gate array, FPGA, a complex programmable
logic device, CPLD, or the like. The digital processing
element may at least in part also be provided as a computer
program product comprising computer readable instructions
that may be executed by a processing element. In a further
embodiment, the digital processing element may be pro-
vided as addition or additional function or method to the
firmware or operating system of a processing element that is
already present in the respective application as respective
computer readable instructions. Such computer readable
instructions may be stored in a memory that is coupled to or
integrated into the processing element. The digital process-
ing element may load the computer readable instructions
from the memory and execute them.

In addition, it is understood, that any required supporting
or additional hardware may be provided like e.g., a power
supply circuitry and clock generation circuitry.

BRIEF DESCRIPTION OF THE DRAWINGS

For a more complete understanding of the present disclo-
sure and advantages thereof, reference is now made to the
following description taken in conjunction with the accom-
panying drawings. The disclosure is explained in more detail
below using exemplary embodiments which are specified in
the schematic figures of the drawings, in which:

FIG. 1 shows a block diagram of an embodiment of a
measurement application device calibration unit according
to the present disclosure;

FIG. 2 shows a block diagram of another embodiment of
a measurement application device calibration unit according
to the present disclosure;

FIG. 3 shows a block diagram of an embodiment of a
measurement system according to the present disclosure;
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FIG. 4 shows a block diagram of an embodiment of
another measurement system according to the present dis-
closure;

FIG. 5 shows a block diagram of an embodiment of
another measurement system according to the present dis-
closure;

FIG. 6 shows a flow diagram of an embodiment of a
method according to the present disclosure; and

FIG. 7 shows a block diagram of an oscilloscope for use
as an embodiment of a measurement application device
according to the present disclosure.

In the figures like reference signs denote like elements
unless stated otherwise.

DETAILED DESCRIPTION OF THE DRAWINGS

FIG. 1 shows a measurement application device calibra-
tion unit 100 that serves for calibrating a DUT input side of
a measurement setup i.e., the side that provides a test signal
to the DUT when the test is performed.

The measurement application device calibration unit 100
comprises a coupling element 101 that comprises a first
connector 102, a second connector 103 and a third connector
104. The third connector 104 is coupled to a connector 106
of a signal processing device 105. The first connector 102
and the second connector 103 are coupled in a signal path
109. The signal path 109 may transport a calibration signal
108 from a calibration signal source (see FIG. 3) to the
reference plane 107. To this end, the signal path 109 may
comprise for example, cables and connectors.

The calibration signal 108 will be reflected at the refer-
ence plane 107, and the coupling element 101 will couple
out the reflected calibration signal 108 and provide the
calibration signal 108 to the signal processing device 105.

For receiving the reflected calibration signal 108 from the
coupling element 101 the signal processing device 105 may
for example comprise a respective reference receiver.

As explained in the present disclosure, the measurement
application device calibration unit 100 may be used in a
measurement system (see FIGS. 3-5) to perform a calibra-
tion of the measurement system prior to performing a
measurement with a DUT.

To this end, the measurement application device calibra-
tion unit 100 may comprise a processing element for
example, in the signal processing device 105, that may
determine the calibration parameters for the signal path 109.
Alternatively, the calibration parameters may be determined
in a measurement application device.

For determining the calibration parameters for the signal
path 109, different calibration standards may be coupled to
the signal path 109 at the reference plane 107, as will be
explained in more detail in conjunction with FIGS. 3 and 5.

FIG. 2 shows a measurement application device calibra-
tion unit 200 that serves for calibrating a DUT output side
of a measurement setup i.e., the side that receives a test
signal from the DUT when the test is performed.

The measurement application device calibration unit 200
comprises a coupling element 201 that comprises a first
connector 202, a second connector 203 and a third connector
204. The third connector 204 is coupled to a connector 206
of a signal processing device 205. The first connector 202
and the second connector 203 are coupled in a signal path
209.

In the measurement application device calibration unit
200, the signal processing device 205 provides the calibra-
tion signal 208, that is coupled into the signal path 209 by



US 12,355,498 B2

13

the coupling element 201 in the direction of the reference
plane 207 for example with a reference signal generator.

The calibration signal 208 will be reflected at the refer-
ence plane 207, and will travel back through the signal path
209.

The reflected calibration signal 208 may then be acquired
by a measurement application device that comprises a signal
sink, like a Network Vector Analyzer.

As explained in the present disclosure, the measurement
application device calibration unit 200 may be used in a
measurement system (see FIGS. 4-5) to perform a calibra-
tion of the measurement system prior to performing a
measurement with a DUT.

To this end, the measurement application device calibra-
tion unit 200 may comprise a processing element for
example, in the signal processing device 205, that may
determine the calibration parameters for the signal path 209.
Of course, such a processing element may also be provided
in the respective measurement application device.

For determining the calibration parameters for the signal
path 209, different calibration standards may be coupled to
the signal path 209 at the reference plane 207, as will be
explained in more detail in conjunction with FIGS. 4-5.

FIG. 3 shows a block diagram of a measurement system
315.

The measurement system 315 comprises a measurement
application device calibration unit like the measurement
application device calibration unit 100 with a coupling
element 301 coupled into a measurement signal path and
coupled to a reference receiver 305 as signal processing
device. The measurement signal path is arranged between a
vector signal generator 316 as measurement application
device and a reference plane 307. At the reference plane 307
the measurement system 315 comprises a calibration stan-
dard 317.

In the shown example, the calibration standard 317 may
be an automatically switchable calibration standard 317 that
may provide different terminations at the reference plane
307. The calibration standard 317 may provide an open
termination, a short termination, a match termination, and an
active termination. Of course, in other embodiments, dedi-
cated calibration standards may be provided at least for
some of the terminations, and other terminations than open,
short and match may be used.

In an exemplary embodiment, the measurement signal
path may be calibrated by first activating the active termi-
nation of the calibration standard 317. In this mode, the
calibration standard 317 may provide a predetermined
known calibration signal 308. As explained above, in
embodiments, the predetermined known calibration signal
308 may be a comb signal generated by a comb generator in
the calibration standard 317.

The known calibration signal 308 will then be received by
the reference receiver 305 and may be evaluated to deter-
mine the transmission characteristics of the signal path from
the reference plane 307 to the reference receiver 305.

Since the characteristics of the known calibration signal
308 are known in detail, any deviation between the known
calibration signal 308 as received by the reference receiver
305 and the original known calibration signal as it should be
received may be determined. Based on the identified differ-
ences, the transmission characteristics of the signal path
from the reference plane 307 to the reference receiver 305
may be determined.

After performing this first calibration step, in a second
calibration step, the signal path between the reference plane
307 and the vector signal generator 316 may be calibrated.
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This calibration may be performed by generating a
respective calibration signal 308 in the vector signal gen-
erator 316 and outputting the calibration signal 308 into the
signal path. The calibration signal 308 will then be reflected
at the reference plane 307. The reflection of the calibration
signal 308 will then be received by the reference receiver
305 via the coupling element 301.

Measurements for the second calibration may be per-
formed with every termination but the active termination
configured in the calibration standard 317. As explained
above, these measurements serve to solve a system of
equations for an error network that represents the transmis-
sion characteristics of the signal path.

The respective calibration parameters may then be used to
adapt the test signal that is provided from the vector signal
generator 316 to a DUT when a test or measurement is
performed.

FIG. 4 shows a block diagram of a measurement system
415.

The measurement system 415 comprises a measurement
application device calibration unit like the measurement
application device calibration unit 200 with a coupling
element 401 coupled into a measurement signal path and
coupled to a reference generator 405 as signal processing
device. The measurement signal path is arranged between a
vector signal analyzer 416 as measurement application
device and a reference plane 407. At the reference plane 407
the measurement system 415 comprises a calibration stan-
dard 417.

In the shown example, the calibration standard 417 may
be an automatically switchable calibration standard 417 that
may provide different terminations at the reference plane
407. The calibration standard 417 may provide an open
termination, a short termination, a match termination, and an
active termination. Of course, in other embodiments, dedi-
cated calibration standards may be provided at least for
some of the terminations, and other terminations than open,
short and match may be used.

In an exemplary embodiment, the measurement signal
path may be calibrated by first activating the active termi-
nation of the calibration standard 417. In this mode, the
calibration standard 417 may acquire a predetermined
known calibration signal 408 that may be provided by the
reference generator 405. As explained above, in embodi-
ments, the predetermined known calibration signal 408 may
be a comb signal generated by a comb generator in the
reference generator 405.

The known calibration signal 408 will then be received by
the calibration standard 417 in the active termination mode,
and may be evaluated to determine the transmission char-
acteristics of the signal path from the reference generator
405 to the reference plane 407.

Since the characteristics of the known calibration signal
408 are known in detail, any deviation between the known
calibration signal 408 as received by the calibration standard
417 and the original known calibration signal as it should be
received may be determined. Based on the identified differ-
ences, the transmission characteristics of the signal path
from the reference generator 405 to the reference plane 407
may be determined.

After performing this first calibration step, in a second
calibration step, the signal path between the reference plane
407 and the vector signal analyzer 416 may be calibrated.

This calibration may be performed by generating a
respective calibration signal 408 in the reference generator
405 and outputting the calibration signal 408 into the signal
path via the coupling element 401. The calibration signal
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408 will then be reflected at the reference plane 407 and will
then be received by the vector signal analyzer 416.

Measurements for the second calibration may be per-
formed with every termination, but the active termination
configured in the calibration standard 417. As explained
above, these measurements serve to solve a system of
equations for an error network that represents the transmis-
sion characteristics of the signal path.

The respective calibration parameters may then be used to
adapt the test signal that is received from the DUT in the
vector signal analyzer 416 when a test or measurement is
performed.

FIG. 5 shows a block diagram of another measurement
system 515. The measurement system 515 comprises a DUT
input side section, which is essentially equivalent to the
measurement system 315, and a DUT output side section,
which is essentially equivalent to the measurement system
415. Reference is, therefore, made to the description of
FIGS. 3 and 4 at this point to prevent repetitions.

Instead of the calibration standards 317, 417, a DUT 520
is provided in the middle of the signal path between the
vector signal generator 516-1 and the vector signal analyzer
516-1. It is understood, that prior to coupling the DUT 520
to the measurement system 515, the calibration of the signal
paths may be performed as explained for the single mea-
surement systems 315, 415.

When a test is to be performed with the DUT 520 after
calibrating the measurement system 515, the vector signal
generator 516-1 may generate the respective test signal and
provide the test signal to the DUT 520. The vector signal
analyzer 516-1 may then receive the test signal as it is output
by the DUT 520 for further analysis.

FIG. 6 shows a flow diagram of a method according to the
present disclosure. The method comprises coupling out S1 a
predetermined calibration signal from a signal measurement
path or generating a predetermined calibration signal, mea-
suring S2 the coupled-out calibration signal when the cali-
bration signal is coupled out, coupling in S3 the predeter-
mined calibration signal into the signal measurement path
when the calibration signal is generated, and calibrating S4
the signal measurement path at least one of based on the
measured calibration signal when the calibration signal is
coupled out, and based on the calibration signal as coupled
into the signal measurement path and as acquired by a
measurement application device that is coupled to the signal
measurement path when the calibration signal is generated.

Coupling out the calibration signal or coupling in the
calibration signal may for example be performed with a
coupling element according to the present disclosure.

Calibrating the signal measurement path may be per-
formed in the measurement application device with a mea-
surement signal generator that is coupled to the signal
measurement path when the calibration signal is coupled
out, and with a measurement signal receiver that is coupled
to the signal measurement path when the calibration signal
is coupled in. Calibrating may comprise determining a
mismatch between a first impedance and a second imped-
ance, wherein the first impedance comprises an impedance
from the reference plane towards a device under test that
may be coupled to the reference plane during a measure-
ment, and wherein the second impedance comprises an
impedance from the reference plane towards the measure-
ment application device.

Calibrating may also further comprise determining S-pa-
rameters of an error network of the signal measurement path
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while or after three different calibration standards are con-
secutively coupled to the signal measurement path at the
reference plane.

For calibrating the signal path between the reference
plane and the signal processing device of the coupling
element on the DUT input side, a predetermined known
calibration signal may be generated and may be input into
the signal path at the reference plane. A transmission param-
eter for the signal path from the reference plane to the point
of measurement of the coupled-out calibration signal e.g.,
the signal processing device, may be determined based on
the known calibration signal and stored information about
the known calibration signal, wherein calibrating is per-
formed additionally based on the transmission parameter.

For calibrating the signal path between the signal pro-
cessing device and the reference plane of the coupling
element on the DUT output side a predetermined known
calibration signal may be received at the reference plane
with an active calibration standard, wherein the known
calibration signal is generated at the same point as the
coupled-in calibration signal. A transmission parameter for
the signal path from the point of generation of the coupled-in
calibration signal to the reference plane may be determined
based on the known calibration signal as received and stored
information about the active calibration standard, wherein
calibrating is performed additionally based on the transmis-
sion parameter.

FIG. 7 shows a block diagram of an oscilloscope OSC1
that may be used in an embodiment of a measurement
system according to the present disclosure.

The oscilloscope OSC1 comprises a housing HO that
accommodates four measurement inputs MIP1, MIP2,
MIP3, MIP4 that are coupled to a signal processor SIP for
processing any measured signals. The signal processor SIP
is coupled to a display DISP1 for displaying the measured
signals to a user. The shown oscilloscope OSC1 may be used
for example, on the DUT output side as a measurement
instrument.

In embodiments, the oscilloscope OSC1 may also com-
prise a signal generator and may be used on the DUT input
side in a measurement system.

It is understood, that any calculations that need to be
performed according to the present disclosure, may for
example be performed by the signal processor SIP. In order
to receive the required data at the signal processor SIP, the
oscilloscope OSC1 may also comprise respective commu-
nication means that allow the oscilloscope OSC1 to com-
municate for example, with a reference receiver or a refer-
ence generator.

Although specific embodiments have been illustrated and
described herein, it will be appreciated by those of ordinary
skill in the art that a variety of alternate and/or equivalent
implementations exist. It should be appreciated that the
exemplary embodiment or exemplary embodiments are only
examples, and are not intended to limit the scope, applica-
bility, or configuration in any way. Rather, the foregoing
summary and detailed description will provide those skilled
in the art with a convenient road map for implementing at
least one exemplary embodiment, it being understood that
various changes may be made in the function and arrange-
ment of elements described in an exemplary embodiment
without departing from the scope as set forth in the appended
claims and their legal equivalents. Generally, this applica-
tion is intended to cover any adaptations or variations of the
specific embodiments discussed herein.

LIST OF REFERENCE SIGNS

100, 200 measurement application device calibration unit
101, 201, 301, 401, 501-1, 501-2 coupling element
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102, 202 first connection
103, 203 second connection
104, 204 third connection
105, 205, 305, 405, 505-1, 505-2 signal processing device
106, 206 connector
107, 207, 307, 407 reference plane
108, 208, 308, 408, 508-1, 508-2 calibration signal
109, 209 signal measurement path
315, 415, 515 measurement system
316, 416, 516-1, 516-2 measurement application device
317, 417 calibration standard
520 DUT
OSC1 oscilloscope
HO housing
MIP1, MIP2, MIP3, MIP4 measurement input
SIP signal processing
DISP1 display
What is claimed is:
1. A measurement application device calibration unit,

comprising:

at least one coupling element comprising:

a first connection and a second connection for coupling
the coupling element into a signal measurement path
that is coupled to a measurement application device;
and

a third connection;

wherein the coupling element is configured to at least one
of couple out a signal from the signal measurement
path into the third connection, and couple in a signal
from the third connection into the signal measurement
path; and

a signal processing device that is coupled to the third
connection of the coupling element and that is config-
ured:

to receive a predetermined calibration signal when the
coupling element couples out a signal from the signal
measurement path into the third connection; and

to generate the predetermined calibration signal when
the coupling element couples in a signal from the
third connection into the signal measurement path,

wherein the measurement application device is configured
to calibrate the signal measurement path based on:

the calibration signal measured by the measurement appli-
cation device calibration unit, or

the calibration signal as coupled into the signal measure-
ment path and measured by the measurement applica-
tion device;

wherein when calibrating the measurement application
device is configured to determine a mismatch between

a first impedance and a second impedance;

wherein the first impedance comprises an impedance from

a reference plane towards a device under test, and

wherein the second impedance comprises an imped-

ance from the reference plane towards the measurement
application device.
2. The measurement application device calibration unit of

claim 1, wherein the signal processing device comprises:

a reference receiver when the coupling element couples
out a signal from the signal measurement path into the
third connection; and

a reference signal generator when the coupling element
couples in a signal from the third connection into the
signal measurement path.

3. A measurement system, comprising:

a measurement application device;

a signal measurement path from the measurement appli-
cation device to a reference plane; and
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a measurement application device calibration unit config-
ured to at least one of couple out a predetermined
calibration signal from the signal measurement path
and measure the predetermined calibration signal, and
generate a predetermined calibration signal and couple
in the predetermined calibration signal into the signal
measurement path;

wherein the measurement application device is configured
to calibrate the signal measurement path based on:

the calibration signal measured by the measurement appli-
cation device calibration unit, or

the calibration signal as coupled into the signal measure-
ment path and measured by the measurement applica-
tion device;

wherein when calibrating the measurement application
device is configured to determine a mismatch between
a first impedance and a second impedance;

wherein the first impedance comprises an impedance from
the reference plane towards a device under test, and
wherein the second impedance comprises an imped-
ance from the reference plane towards the measurement
application device.

4. The measurement system according to claim 3, wherein
the measurement application device calibration unit com-
prises:

a coupling element comprising:

a first connection and a second connection for coupling
the coupling element into the signal measurement path;
and

a third connection;

wherein the coupling element is configured to at least one
of couple out a signal from the signal measurement
path into the third connection, and couple in a signal
from the third connection into the signal measurement
path; and

a signal processing device that is coupled to the third
connection of the coupling element and that is config-
ured:

to receive the calibration signal when the coupling ele-
ment couples out a signal from the signal measurement
path into the third connection; and

to generate a calibration signal when the coupling element
couples in a signal from the third connection into the
signal measurement path.

5. The measurement system according to claim 3, wherein

the measurement application device comprises:

a measurement signal generator that is coupled to the
signal measurement path when the measurement appli-
cation device calibration unit couples out the predeter-
mined calibration signal from the signal measurement
path; and

a measurement signal receiver that is coupled to the signal
measurement path when the measurement application
device calibration unit couples in the predetermined
calibration signal into the signal measurement path.

6. The measurement system according to claim 3, com-
prising three different calibration standards;

wherein the measurement application device is configured
to determine S-parameters of an error network of the
signal measurement path while the three different cali-
bration standards are consecutively coupled to the
signal measurement path at the reference plane.

7. The measurement system according to claim 6, wherein

the measurement application device is configured to set one
of the S-parameters to 1.
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8. The measurement system according to claim 6, wherein
the three different calibration standards comprise an open
calibration standard, and a short calibration standard, and a
matched calibration standard.

9. The measurement system according to claim 3, com-
prising an active calibration standard that is couplable to the
reference plane and that is configured to generate a prede-
termined known calibration signal and input the known
calibration signal into the signal path at the reference plane;

wherein the measurement application device is configured
to determine a transmission parameter for the signal
path from the reference plane to the measurement
application device calibration unit based on the known
calibration signal and stored information about the
known calibration signal; and

wherein the measurement application device is configured
to take into account the transmission parameter when
calibrating the signal measurement path.

10. The measurement system according to claim 3, com-
prising an active calibration standard that is couplable to the
reference plane and that is configured to receive a predeter-
mined known calibration signal;

wherein the measurement application device is configured
to determine a transmission parameter for the signal
path from the measurement application device calibra-
tion unit to the reference plane based on the known
calibration signal as received by the active calibration
standard and stored information about the active cali-
bration standard; and

wherein the measurement application device is configured
to take into account the transmission parameter when
calibrating the signal measurement path.

11. The measurement system according to claim 3, com-

prising:

a first measurement application device calibration unit
configured to couple out a predetermined calibration
signal from the signal measurement path and measure
the predetermined calibration signal;

a first measurement application device configured to
calibrate the signal measurement path based on the
calibration signal measured by the measurement appli-
cation device calibration unit;

a second measurement application device calibration unit
configured to generate a predetermined calibration sig-
nal and couple in the predetermined calibration signal
into a second signal measurement path; and

a second measurement application device configured to
calibrate the second signal measurement path based on
the calibration signal as coupled into the signal mea-
surement path and measured by the measurement appli-
cation device;

wherein the first signal path is a DUT input-side signal
path, and wherein the second signal path is a DUT
output-side signal path.

12. A method, comprising:

coupling out a predetermined calibration signal from a
signal measurement path or generating a predetermined
calibration signal;

measuring the coupled-out calibration signal when the
calibration signal is coupled out;

coupling in the predetermined calibration signal into the
signal measurement path when the calibration signal is
generated; and

calibrating the signal measurement path at least one of
based on the measured calibration signal when the
calibration signal is coupled out, and based on the
calibration signal as coupled into the signal measure-
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ment path and as acquired by a measurement applica-
tion device that is coupled to the signal measurement
path when the calibration signal is generated;

wherein calibrating comprises determining a mismatch
between a first impedance and a second impedance; and

wherein the first impedance comprises an impedance from
a reference plane towards a device under test that may
be coupled to the reference plane during a measure-
ment, and wherein the second impedance comprises an
impedance from the reference plane towards the mea-
surement application device.

13. The method according to claim 12, wherein coupling
out the calibration signal or coupling in the calibration signal
is performed with a coupling element that comprises:

a first connection and a second connection for coupling
the coupling element into the signal measurement path;
and

a third connection;

wherein the coupling element is configured to at least one
of couple out a signal from the signal measurement
path into the third connection, and couple in a signal
from the third connection into the signal measurement
path; and

wherein measuring the coupled-out calibration signal and
generating a predetermined calibration signal is per-
formed with a signal processing device that is coupled
to the third connection of the coupling element.

14. The method according to claim 12, wherein calibrat-
ing the signal measurement path is performed in the mea-
surement application device with:

a measurement signal generator that is coupled to the
signal measurement path when the calibration signal is
coupled out; and

a measurement signal receiver that is coupled to the signal
measurement path when the calibration signal is
coupled in.

15. The method according to claim 12, further comprising
determining S-parameters of an error network of the signal
measurement path while three different calibration standards
are consecutively coupled to the signal measurement path at
the reference plane.

16. The method according to claim 12, further comprising
generating a predetermined known calibration signal and
inputting the known calibration signal into the signal path at
the reference plane; and

determining a transmission parameter for the signal path
from the reference plane to the point of measurement of
the coupled-out calibration signal based on the known
calibration signal and stored information about the
known calibration signal;

wherein calibrating is performed additionally based on the
transmission parameter.

17. The method according to claim 12, further comprising
receiving a predetermined known calibration signal at the
reference plane with an active calibration standard, wherein
the known calibration signal is generated at the same point
as the coupled-in calibration signal; and

determining a transmission parameter for the signal path
from the point of generation of the coupled-in calibra-
tion signal to the reference plane based on the known
calibration signal as received and stored information
about the active calibration standard;

wherein calibrating is performed additionally based on the
transmission parameter.
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18. The method according to claim 12, comprising:

coupling out a predetermined first calibration signal from
a first signal measurement path and measuring the first
calibration signal;

calibrating the signal measurement path based on the 5
measured first calibration signal;

generating a predetermined second calibration signal and
coupling in the second calibration signal into a second
signal measurement path; and

calibrating the second signal measurement path based on 10
the second calibration signal as coupled into the signal
measurement path and measured by the measurement
application device;

wherein the first signal path is a DUT input-side signal
path, and wherein the second signal path is a DUT 15
output-side signal path.
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